The ending of dual nomenclatural systems for pleomorphic fungi in 2011 requires the reconciliation of competing names, ideally linked through culture based or molecular methods. The phylogenetic systematics of Hypocreales and its many genera have received extensive study in the last two decades, however resolution of competing names in Cordycipitaceae has not yet been addressed. Here we present a molecular phylogenetic investigation of Cordycipitaceae that enables identification of competing names in this family, and provides the basis upon which these names can be maintained or suppressed. The taxonomy presented here seeks to harmonize competing names by principles of priority, recognition of monophyletic groups, and the practical usage of affected taxa. In total, we propose maintaining nine generic names, Akanthomyces, Ascopolyporus, Beauveria, Cordyceps, Engyodontium, Gibellula, Hyperdermium, Parengyodontium, and Simplicillium and the rejection of eight generic names, Evlachovaea, Granulomanus, Isaria, Lecanicillium, Microhilum, Phytocordyceps, Synsterigmatocystis, and Torrubiella. Two new generic names, Hevansia and Blackwellomyces, and a new species, Beauveria blattidicola, are described. New combinations are also proposed in the genera Akanthomyces, Beauveria, Blackwellomyces, and Hevansia.
INTRODUCTION
A molecular phylogenetic investigation of Clavicipitaceae, with an emphasis on Cordyceps, was conducted by Sung et al. (2007) and revealed that both Clavicipitaceae and Cordyceps were not monophyletic. Two additional families, Cordycipitaceae and Ophiocordycipitaceae, were recognized and species previously classified in Cordyceps were supported as members of all three families. Clavicipitaceae and Ophiocordycipitaceae collectively formed a monophyletic group, whereas Cordycipitaceae, defined by the phylogenetic position of the type species of Cordyceps, C. militaris, shared a more recent common ancestor with Hypocreaceae. The majority of sexually reproducing species in Cordyceps s. str. produce stalked, erect stromatic ascomata that are fleshy in texture, but some species are characterized by reduced stipes or subiculate stromata. Stromata are frequently bright yellow to orange or red, but others are pallid to cream or white according to species.
In addition to Cordyceps, numerous genera for sexual morphs have been included in Cordycipitaceae, the most speciose and taxonomically problematic being Torrubiella. Torrubiella has traditionally been used to classify pathogens of spiders or less frequently scale insects that produce superficial perithecia, frequently on a subiculum. Work by Johnson et al. (2009) showed the genus to be polyphyletic with species of Torrubiella being placed in Cordyceps and I M A F U N G U S Ophiocordyceps (Ophiocordycipitaceae) as well as the new genera Conoideocrella and Orbiocrella of Clavicipitaceae. Torrubiella is now restricted to Cordycipitaceae infecting spiders with most possessing asexual morphs that had been referred to as Akanthomyces or Gibellula (Johnson et al. 2009 , Evans 2013 . Other genera in Cordycipitaceae produce perithecia on a subiculum, including Ascopolyporus and Hyperdermium, but these differ from Torrubiella in being pathogens of scale insects (Bischoff et al. 2005) . Phytocordyceps is a monotypic genus described for P. ninchukispora, which molecular data determined to be nested within Cordyceps (Sung et al. 2007) , although, it is unusual for the genus with respect to host affiliation and ascospore morphology. The host is reported as a seed of Beilschmiedia erythrophloia (Lauraceae), although closely related Cordyceps species attack pupae of Limacodidae, which superficially resemble globose seeds. The ascospores feature swollen ends connected by a long, narrowed midsection, a morphology referred to as bola-ascospores (Eriksson 1982) that are also present in C. bifusispora and C. cf. pruinosa (Sung et al. 2007) .
Asexual morphs in Cordycipitaceae have been classified under many different names, and species of Cordyceps have been associated with a diversity of asexual reproductive morphologies. Many of these asexually typified genera have been demonstrated to be polyphyletic across Hypocreales. One of the oldest names for an asexually typified genus in Cordycipitaceae is Isaria. The use of Isaria has varied greatly over time and many associations outside of Hypocreales have been observed (Samson 1974 , Luangsa-ard et al. 2004 . The currently accepted concept of the genus was established by Hodge et al. (2005) , who designated a drawing of I. farinosa by Holmskjold from 1781 as the lectotype for the genus. This definition set arthropod-infecting species in Hypocreales apart from morphologically similar Paecilomyces in Eurotiales. Molecular data supported this distinction (Luangsa-ard et al. 2004) , but also revealed a polyphyletic distribution of Isaria species in Hypocreales (Luangsa-ard et al. 2005) . Taxonomic transfers for species with isarioid morphologies in the families Clavicipitaceae and Ophiocordycipitaceae have also been made in more inclusive investigations (Johnson et al. 2009 , Quandt et al. 2014 , Ban et al. 2015 .
Within Cordycipitaceae, the asexually typified generic names Lecanicillium and Simplicillium were described for verticillium-like taxa. Species in Lecanicillium are distributed throughout Cordycipitaceae and do not form a single monophyletic clade (Sukarno et al. 2009 ). The type of Lecanicillium is L. lecanii, known as the asexual morph of C. confragosa, which was described as a Torrubiella based on its host association with scale insects and the production of superficial torrubielloid perithecia (Evans & Samson 1982) . The asexual morph of C. militaris is also morphologically similar to Lecanicillium . Relationships for species of Lecanicillium include affinities with isolates morphologically similar to I. farinosa and a unique clade of species characterized by L. psalliotae (Sung et al. 2001 (Sung et al. , 2007 . Simplicillium identifies a clade of species that is sister to the remaining Cordycipitaceae; no known sexual form has been linked to the genus (Nonaka et al. 2013 ).
The morphology is that of slender, elongate, mostly solitary phialides producing singular or short chains of conidia . These species are mostly pathogens of fungi, although occurrence on other substrates (e.g. air, soil, plants) is known (Nonaka et al. 2013) .
Perhaps the best-known asexually typified generic name in Cordycipitaceae is Beauveria, due to its role in the development of the germ theory of disease and its long-standing use as a biocontrol agent against pest insects. Agostino Bassi demonstrated in 1834 that B. bassiana (a fungus that bears his name) was the cause of white muscardine disease of silkworm, which resulted in considerable loss to the silk industry in Europe (Yarrow 1958) . This represented the first demonstration of pathogenic activity by a disease agent, predating Pasteur, who cited Bassi in his papers (Porter 1973) . Today, the pathogenic ability of B. bassiana is intensely scrutinized in the effort to improve control of insect pests (Xiao et al. 2012) . Beauveria is defined by the distinctive conidiogenous cells that elongate in a sympodial pattern to produce a zig-zag rachis-like structure. Molecular phylogenies support the monophyly of Beauveria, confirming the phylogenetic utility of this form of conidiogenesis, especially when combined with other characters (e.g., hydrophobic conidia, insect pathogenicity; Rehner et al. 2011 ). The genus is highly diverse, with many cryptic species, and links to several sexually typified species in Cordyceps (Rehner & Buckley 2005 , Rehner et al. 2011 . These include the moth pathogen C. bassiana (Huang et al. 2002) , and the beetle pathogens C. brongniartii (Shimazu et al. 1988) and C. scarabaeicola (Shrestha et al. 2014a) , as well as pathogens of grasshoppers, stick insects, and cockroaches from South America (Sanjuan et al. 2014) , and crickets from Thailand (Ariyawansa et al. 2015) .
Other asexually typified genera that produce conidia on a rachis-like conidiophore include Evlachovaea, Engyodontium, and Parengyodontium. A molecular investigation of Evlachovaea based on ITS and TEF data, including material from the ex-type strain of E. kintrischica, revealed a close association with some species placed in Isaria (Humber et al. 2013) . They demonstrated this generic name was a later synonym of Isaria, but no formal transfer to the genus was made at that time. Likewise, molecular data have supported the separation of Engyodontium from Beauveria, and the classification of P. album as distinct from Engyodontium (Tsang et al. 2016) . Finally, the monotypic genus Microhilum was described for the asexual morph of a Cordyceps (Yip & Rath 1989) . It produces short conidiophores that give rise to conidium-producing denticles and is morphologically similar to Beauveria and Isaria; molecular data, however, place this species close to C. militaris and C. kyusyuensis (Sung et al. 2007) .
Several asexually typified genera are associated with Torrubiella, the two most common being Akanthomyces and Gibellula. A revision of Akanthomyces by Mains (1950) included species forming hyaline conidia of various shapes on phialides covering a cylindrical synnema in a hymenium-like layer, with superficial similarity to species of Hymenostilbe. The type species of Akanthomyces, A. aculeatus, primarily infects Lepidoptera. Cordyceps tuberculata is linked to A. pistillariiformis, a pathogen of moths and a close relative of
A. aculeatus. Gibellula species are pathogens of spiders and produce synnemata with swollen conidiophores reminiscent of Aspergillus. Other minor asexual genera include Granulomanus, which is now considered to be a synonym of Gibellula (Humber & Rombach 1987) , and Pseudogibellula, which is a synonym of Ophiocordyceps .
As summarized above, the taxonomic history of Cordycipitaceae is complex and involves numerous sexual and asexually typified names that have been used throughout Hypocreales. Here we present a phylogenetically informed resolution of competing generic names in Cordycipitaceae in order to determine the generic names to use since the end of dual nomenclature for different morphs of the same fungus in 2011 (McNeill et al. 2012) . In making decisions on names, we sought to harmonize the competing interests among name priority, preferences of user communities, the number of name changes required, and recognition of monophyletic groups from molecular phylogenetic analyses. We also introduce new generic and species names where data support a straightforward taxonomic solution.
MATERIALS AND METHODS
This work employs the data used in name reconciliation for Ophiocordycipitaceae by Quandt et al. (2014) , additional published sequences obtained from GenBank (Bischoff et al. 2005 , Rehner et al. 2011 , Humber et al. 2013 , Sanjuan et al. 2014 , and sequences determined as part of this work ( Table  1) . Phylogenetic analyses utilized data from five nuclear genes, including the small and large subunits of nuclear encoded ribosomal DNA genes (SSU and LSU), the protein coding genes translation elongation factor 1 alpha (TEF), and the largest (RPB1) and second largest (RPB2) subunits of RNA polymerase II, and representatives for the type species of sexual and asexual genera throughout the family (Table  1) . After assembly of raw sequencing reads with CodonCode Aligner, version 2.0.6 (Dedham, MA) sequences were aligned with representative sequences from throughout Hypocreales as in Quandt et al. (2014 ) using MAFFT v.6 (Katoh et al. 2002 , Katoh & Toh 2008 . After alignment, gaps, introns and ambiguously aligned regions identified with Gblocks (Talavera & Castresana 2007) were removed using the editing capacity of Geneious v. 7.0.6 (Biomatters; available from http://www. geneious.com). Maximum likelihood analysis was performed with RAxML v. 8.2.8 employing a GTRGAMMA model of nucleotide substitution. The dataset was divided into eleven separate partitions, one for each ribosomal gene and one each for of the three codon positions in protein coding genes. The resulting phylogenetic framework serves as a guide to resolve conflicts between competing names for sexually and asexually typified generic names.
For description of new species, collections were rehydrated in sterilized water. Perithecia, asci, ascospores and part-spores were examined on a Leica DMRB compound microscope and Leica M28 stereomicroscope. Methuen Handbook of Color (Kornerup et al. 1984) was used for colour descriptions of stromata.
RESULTS
The overall topology recovered in this analysis agrees with that of previous works ( Fig. 1 ; Sung et al. 2007 , Johnson et al. 2009 , Nonaka et al. 2013 , Quandt et al. 2014 Table 2 ). There exist clades and lineages containing species named in Cordyceps, Lecanicillium and Torrubiella that are not members of the clades containing the type species of those genera; these are effectively treated as incertae sedis. Below we discuss the major genera of Cordycipitaceae for which sufficient sampling is available. In all cases, proposed genera are the least inclusive clades defined in the reference phylogeny as the terminal generic clade (Fig. 1) .
TAXONOMY
Akanthomyces Lebert, Z. Wiss. Zool. 9: 449 (1858) . The genus Akanthomyces as proposed by Lebert (1858) , including the type A. aculeatus, primarily infects Lepidoptera and forms a clade distinct from Beauveria and Cordyceps. It includes the moth pathogen Cordyceps tuberculata, which is linked to an asexual morph described as A. pistillariiformis (Samson & Evans 1974) . Other fungi in this clade include C. coccidioperitheciata and C. confragosa, pathogens of spiders and scales insects, respectively, which produce torrubielloid perithecia (Kobayasi & Shimizu 1982) . The production of superficial perithecia on a stipe distinguishes C. coccidioperitheciata from other sexual forms infecting spiders in Cordycipitaceae, which either lack a stipe or lack superficial perithecia if a stipe is present. Cordyceps confragosa was described by Mains (1949) in Torrubiella, and while the morphology is torrubielloid, Akanthomyces has taxonomic priority by date over Torrubiella (Boudier 1885). In addition, the sexual morph C. confragosa is linked to Lecanicillium lecanii, the type species of Lecanicillium, now considered a synonym of Akanthomyces, which has priority over Lecanicillium . Chiriví-Salomón et al. (2015) also showed that L. lecanii (as C. confragosa) as well as some other species of Lecanicillium, namely L. attenuatum, L. muscarium, and L. sabanense, fall within Akanthomyces. Akanthomyces also includes asexually typified species names previously assigned to the genus Isaria, but not the type species, I. farinosa, which belongs Cordyceps diapheromeriphila in Cordyceps. In general, the host range for asexual and sexual forms of Akanthomyces are similar, although L. attenuatum (CBS 402.78) was cultured from leaf litter with no host reported. The morphological characters associated with Akanthomyces are also found in a clade of spider-pathogenic species sister to the Gibellula clade (see Hevansia below). The type species of Torrubiella, T. aranicida, known from a spider in France, was not available for inclusion in molecular phylogenetic analyses. However, several morphological characteristics of T. aranicida suggest that it may belong in Akanthomyces. These include the superficial and separated arrangement of the perithecia and the lack of a subiculum in the type specimen as shown in Johnson et al. (2009) Ascopolyporus is a genus containing seven species, represented in this study by the type A. polychrous and A. villosus. These two species are strongly supported as monophyletic, however their relationship to other taxa in Cordycipitaceae remains poorly resolved. Sexual or asexual morphologies have been observed in individual collections of Ascopolyporus, and they co-occur in some species (Bischoff et al. 2005) . In the sexual form perithecia are produced in a dense hyphal mat directly on top of the scale insect host, and the appearance is similar to that of species in Hypocrella or Moelleriella in Clavicipitaceae. Ascopolyporus species produce multiseptate conidia, a feature also found in Hyperdermium. Ascopolyporus shares another characteristic with some species in Hypocrella in the apparent utilization of plant resources via the scale insect cadaver to attain sizes greatly in excess of the original host (Hywel-Jones & Samuels 1998, Bischoff et al. 2005 , Chaverri et al. 2008 The recognition of Beauveria as a genus separate from Cordyceps is a significant change for Cordycipitaceae; their respective type species are not congeneric. The morphological features that unite species of Beauveria have proved remarkably durable over time and no isolates described from other asexually typified genera are known in this clade. Direct links between species of Beauveria and cordyceps-like sexual morphs are well established from molecular data and culture-based experiments, including B. bassiana (Li et al. 2001 , Huang et al. 2002 , B. brongniartii (Shimizu et al. 1988) , and B. sungii (Shrestha et al. 2014a) . The host range for the asexual morphs is extensive, infecting many insect species across multiple orders (de Faria & Wraight 2007) as well as being isolated from soil and as foliar endophytes (Vega et al. 2009 ). The sexual morphs are known from Coleoptera, Lepidoptera, Orthoptera, and Phasmatodea, and here we also describe a new species from Blattodea, expanding the known host range of sexual morphs of Beauveria. Beauveria blattidicola M. Chen, Aime, T.W. Henkel & Spatafora, sp. nov. (Fig. 2 
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Etymology: The species epithet refers to the fungus' occurrence on the host insect family Blattidae.
Diagnosis: Similar in host association to Ophiocordyceps blattarioides but differs in the yellow-orange fleshy stromata, long, sinuous stipe, and cylindrical to narrowly clavate fertile region with partially immersed perithecia. and O. blattae (Petch 1924 (Petch , 1931 , both classified in Ophiocordycipitaceae. The Neotropical O. blattarioides is associated with adult Blattodea, and is closely related to the morphologically similar adult Orthoptera-associated O. amazonica . Ophiocordyceps blattae was described originally from Sri Lanka (as Cordyceps blattae), but the species remains poorly known, as sequence data are lacking, and current taxonomic concepts are based entirely on the original description and drawings of Petch (1924) . Based on the possession of ophio-ascospores and clavate asci with reduced apices, O. blattae is likely closely related to O. unilateralis (Petch 1931) and is the type of the genus Ophiocordyceps (Sung et al. 2007) . Beauveria blattidicola is easily distinguished from both O. blattarioides and O. blattae by the combination of yellow to yellowish orange fleshy stromata, the long and sinuous stalk, cylindrical to narrowly clavate fertile region, and partially immersed perithecia typical of other sexual morphs of Beauveria. Molecular data also strongly support the placement of B. blattidicola in Beauveria (Fig. 1) . While B. blattidicola cultures are currently unavailable, its phylogenetic placement predicts a Beauveria-type asexual morph.
Beauveria brongniartii (Sacc.) Petch, Trans. Brit. Mycol. Soc. 10: 249 (1926) . 
In this analysis, many species of Cordyceps, including the type, are resolved as a well-supported clade interspersed with genera described originally for asexual morphs, including Evlachovaea, Isaria, and Microhilum (Fig. 1) . Additionally, our analysis indicates this core Cordyceps is not monophyletic with C. cardinalis and C. pseudomilitaris, a result consistent with Sung et al. (2007) ; the latter two species are proposed in the new genus Blackwellomyces here (see above). Within the core Cordyceps clade, internal relationships are generally well-supported, giving rise to a phylogenetic structure that roughly corresponds to stromatal colour (red to orange vs. white to yellow). A thorough review of the taxonomic history of Cordyceps was provided by Shrestha et al. (2014b) , who concluded that Cordyceps is the oldest accepted generic name in this clade and is typified by a sexual morph. Based on the cylindrical shape of the stroma, pre-Linnaean literature of the 17 th and early 18 th century had recorded C. militaris, the type species of Cordyceps, under the old but obsolete generic names Fungus and Fungoides (Shrestha et al. 2014b) . The species was transferred to Clavaria by Linnaeus (1753). Clavaria militaris was then transferred to the ascomycete genus Sphaeria (now rejected in favour of Hypoxylon), a classification that was followed until the early 19 th century (Shrestha et al. 2014b ). The genus Cordyceps was established (Fries 1818 , Link 1833 ) and over the years was circumscribed to include pathogens of more than 12 insect orders and the fungal genera Elaphomyces and Claviceps (Kobayasi 1941 , Mains 1958 , Sung et al. 2007 , Kepler et al. 2012 , Araújo & Hughes 2016 , Shrestha et al. 2016 . This generic concept of Cordyceps stood for approximately 200 years until the polyphyletic nature of Cordyceps as it had been understood by Kobayasi and Mains was revealed (Sung et al. (2007) .
Three monotypic generic names are now considered to be synonyms of Cordyceps. Our data confirmed the findings of Humber et al. (2013) who demonstrated that the type species of the monotypic Evlachovaea, E. kintrischica, is a synonym of Isaria (see below). Similarly, the type species of Microhilum, M. oncoperae, known to have a Cordyceps sexual morph, was nested within Cordyceps, as is the type species of Phytocordyceps, P. ninchukispora.
The generic name Isaria is the oldest available name for the entire group of taxa considered here, including Cordyceps. However, the concept of Isaria has a long and convoluted history, with many changes of status and differences of opinion in how the name should be applied (e.g. Hodge et al. 2005 . Petch (1934) concluded the name was too confusing to use and suggested it be applied to a subgenus of Spicaria. However, lectotypified Isaria sensu Fries using an illustration of I. farinosa that appeared in the original description of this species as Ramaria farinosa (Holmskjold 1781). proposed the use of Isaria for Paecilomyces sect. Isarioidea, now also regarded as a synonym of Cordyceps. Entomogenous species morphologically similar to Isaria can be found distributed throughout Hypocreales (Luangsa-ard et al. 2004) , and here are shown to be polyphyletic within Cordycipitaceae. The ex-epitype isolate of I. farinosa (CBS 111113, Gams et al. 2005 ) is here determined to belong within Cordyceps. We therefore propose the rejection of Isaria in favour of Cordyceps owing to the confusion surrounding the application of Isaria. Additionally, rejecting Cordyceps would be disruptive to a large user community while the name Isaria is not as widely used. Species of Isaria are herein integrated into the monophyletic application of Cordyceps. The diversity of species infecting cicada nymphs complicates the transfer of I. cicadae, and will be addressed in a subsequent paper focused on the group.
Engyodontium was erected by de Hoog (1978) to accommodate the type species, E. parvisporum, and E. album, the latter species was formerly classified in Beauveria, and most recently placed in Parengyodontium (see below). Gams et al. (1984) added four more species. The genus is restricted here to species with cobweb-like colonies that produce dense clusters of denticles on elongated rachides. Conidia are hyaline and globose to subglobose. No sexual reproductive morph has been linked to Engyodontium. Molecular phylogenetic analyses based on E. aranearum support the distinction from Beauveria, but additional study of the type species is required. Species are isolated from soil and arthropod cadavers, and as opportunistic cutaneous and subcutaneous infections of animals including humans. The genus Gibellula is recognized here for spiderpathogenic fungi that produce primarily synnematous, aspergillus-like conidiophores with terminal vesicles, which give rise to phialides produced on metulae. Molecular phylogenies place all sampled Gibellula species in a single clade along with torrubiella-like sexual morphs. Torrubiella has been shown to be polyphyletic, including astipitate taxa throughout Cordycipitaceae and Hypocreales. The status of Torrubiella is complicated further by the uncertain phylogenetic placement of the type species, T. aranicida. The original description indicated an asexual morphology that more closely approximates Lecanicillium or Simplicillium. Further, the production of scattered perithecia directly from the host, rather than aggregated on a subiculate pad, do not suggest inclusion of Gibellula in Torrubiella. Rather, the genus Torrubiella is regarded as a synonym of Akanthomyces here based on the perithecial arrangement and lack of a subiculum in the type specimen (discussed under Akanthomyces). The genus Granulomanus, based on G. aranearum which is linked to the sexually typified T. albolanata, was regarded as a synonym of Gibellula by Humber & Rombach (1987) , but no molecular data exist to confirm or refute this suggestion.
Gibellula
The type, L. lecanii, is nested within Akanthomyces, which has priority over Lecanicillium. We classify several species of Lecanicillium in Akanthomyces. Lecanicillium psalliotae and L. fusisporum do not show a strong affinity with other species previously placed in Lecanicillium nor with any other clade in Cordycipitaceae, so these species cannot yet be placed in any named genera.
